3
J Hα-Hβ ; 3 CT-HN(COCA)CB for the sum of Figure S1 ). The 15 N-1 H ARTSY spectra were recorded at 600 MHz, using time domain matrices consisting of 150* × 1024* complex data points, or acquisition times of 78 ms (t 1 , 15 N) and 121 ms (t 2 , 1 H), using 8 scans per free induction decay (FID), and a 2-s interscan delay (total measurement time ca 1.5 h). HA[HN,HB](CACO)NH spectra were recorded at 600 MHz, with the 13 C and 15 N carriers at 46 and 118 ppm, respectively. The time domain matrices consisted of 200* × 20* × 1024* complex data points, or acquisition times of 36 ms (t 1 , 1 H), 10 ms (t 2 , 15 N) and 85 ms (t 3 , 1 H), using 8 scans per FID, and a 1.5 s interscan delay (total measurement time ca 64 h). The CT-HN(COCA)CB spectra were also recorded at 600 MHz, with the 13 C and 15 N carriers set at 43 and 122 ppm, respectively. The time domain matrices consisted of 267* × 22* × 1024* complex data points, or acquisition times of 27 ms (t 1 , 13 C), 11 ms (t 2 , 15 N) and 136 ms (t 3 , 1 H), using 4 scans per FID and a 1.5 s interscan delay (total measurement time ca 48 h). Uniformly { 13 C, 15 N}-labeled NMR samples in 99.8% D 2 O, 50 mM sodium phosphate buffer, 50 mM sodium chloride, pD 6.5 (uncorrected meter reading), and 0.05% sodium azide, were used to record the following spectra: 1 N carriers were set at 56 and 118 ppm, respectively and the time domain matrices consisted of 1024* × 1024* complex data points, or acquisition times of 106 ms (t 1 , 13 C) and 103 ms (t 2 , 1 H), using 4 scans per FID, and a 1.5 s interscan delay (ca 2 h measurement time per spectrum). For the 1 H-13 C CT-HSQC measurement of 1 D CαHα , the 13 C and 15 N carriers were set at 49 and 118 ppm, respectively and the time domain matrices consisted of 1108* × 1024* -S3 -complex data points, or acquisition times of 55.4 ms (t 1 , 13 C) and 103 ms (t 2 , 1 H), using 8 scans per FID, and a 1.5 s interscan delay (ca 8 h total measurement time). For measurement of 1 D CβCγ in Phe, Tyr, Asp and Asn, the 13 C and 15 N carriers were set at 40 and 118 ppm, respectively. The time domain matrix consisted of 1101* × 1024* complex data points, or acquisition times of 55 ms (t 1 , 13 C) and 103 ms (t 2 , 1 H), and using 4 scans per FID (ca 4 h total measurement time). For non-CT 1 H-13 C HSQC spectra, the 13 C and 15 N carriers were set at 20 and 118 ppm, respectively. The time domain matrices consisted of 650* × 1024* complex data points, or acquisition times of 84.5 ms (t 1 , 13 C) and 206 ms (t 2 , 1 H), using 4 scans per FID, and a 1.5 s interscan delay (ca 2.5 h total measurement time). Uniformly { 13 C, 15 N}-enriched, fractionally (75%) deuterated NMR samples were in 99.8% D 2 O, 50 mM sodium phosphate buffer, 50 mM NaCl, pD 6.5, 0.05% sodium azide, and were used to record DEPT-filtered 1 H-13 C CT-HSQC (SI Figure S2) selective Q3 pulses are marked with q, and have a duration of 220 μs. 13 C GARP / 15 N WALTZ16 decoupling 7 during 1 H acquisition is applied at an RF field strength of 1.8/1.2 kHz. Unless specified, all pulse phases are x. Phase cycling: φ 1 = y,-y; φ 2 = x,-x; φ 3 = x,-x; φ 4 = y,y,-y,-y; φ 5 = y; and φ rec = x,-x,-x,x. Delay durations: τ 1 = 1/(4J HN ) ≈ 2.7 ms; τ 2 = 1/(4J NC' ) ≈ 12.5 ms; τ 3 ≈ 4 ms; τ 4 = 1/(4J CαCβ ) ≈ 7.2 ms; T = 14.1 ms; T' = 12.5 ms; Δ 1 = max (0, T' -0.5 × t 2 ); Δ 2 = max (0, 0.5 × t 2 − T'). Gradient pulses G 1,…,14 (z-axis) have durations of 1800, 500, 2000, 500, 137, 1000, 2400, 500, 500, 500, 250, 800, 200 and 301 μs, and strengths of 3.5, 25.9, 4.2, 27.3, 28.7, 34.3, 4.9, 31.5, 37.8, -44.8, 21.0, 37.1, 41.3, and 41.3 G/cm. The weak (0.77 G/cm) bipolar gradient applied during the second half of the t 2 evolution period serves to prevent radiation damping of the inverted H 2 O signal. Quadrature detection in the t 1 dimension is achieved by increasing φ 1 , φ 2 , φ 3 in the regular States-TPPI manner; quadrature in the t 2 dimension is obtained by the Rance-Kay method, inverting G 9 /G 10 and φ 5 . Figure S2 . Pulse scheme of the DEPT-filtered 1 H-13 C CT-HSQC experiment. The carrier of 13 C aliph is at 49 ppm. Narrow and wide bars indicate non-selective 90° and 180° pulses, respectively. Pulse durations should scale inversely with the magnetic field strength, and at 226.37 MHz 13 C frequency the following values were used: The 13 C aliph and 13 C arom shaped pulses are Hyperbolic-Secant and IBURP2, with durations of 550 and 300 μs (centered at 20 and 151 ppm), respectively.
13 C GARP decoupling during acquisition is applied at an RF field strength of 3.8 kHz.
2 H decoupling is applied using the WALTZ-16 scheme with an RF field strength of 833 Hz. Unless specified, all pulse phases are x. Phase cycling:
Delay durations: τ = 1/(4J CH ) ≈ 1.8 ms; T = 24.2 ms. Gradient pulses G 1,…,6 (z-axis) have durations of 1.5, 1.0, 1.0, 1.0, 0.6 and 1.0 ms, and strengths of 23.8, 28.7, 40.6, 11.9, -33.6, and 21.7 G/cm. Quadrature detection in the t 1 dimension is achieved by increasing φ 2 in the regular States-TPPI manner. Figure S3 . 13 . Red contours represent the isotropic wild-type GB3 spectrum; green contours are strips from the same GB3 sample aligned with 4.5% bicelles. The multiplets shown correspond to the 1 H-coupled 13 C β resonances of residues Q2, Y3, K4, L5, and V6.
-S9 - Figure S6 . Distributions of χ 1 torsion angles for all residues in GB3, derived from RDC data. (see also Figure 4 , main text) -S10 -
The correlations between observed and predicted RDCs from the result of the χ 1 ensemble VW-Fit program in Figure S6 . Figure S8 . Distributions of χ 1 torsion angles for the three Asn residues, (A) Asn8, (B) Asn35, (C) Asn37, in GB3 with reversed H β2 and H β3 stereospecific assignments. The correlations between observed and predicted RDCs for these residues are shown in panels (D) Asn8, (E) Asn35, (F) Asn37. The results of correct stereospecific assignments are shown in Figure 4 , main text.
-S12 - Table 1 , using the Karplus equations of Table S9 . For each rotamer, the motion-modified (cf eq 4) 3 J HαHβ is predicted prior to calculating the displayed, weighted sum. σ is the standard deviation to the χ 1 angles.
-S14 - Figure S12 . Value for the normalized Chi (Χ ) value as a function of the standard deviation, σ, of the Gaussian rotamer distribution obtained for the best fit between the observed and predicted RDC values when using the discrete-rotamer model, with the model selection parameters of Table 1 , as a function of the width of the Gaussian distribution used for each rotamer. For fits involving multiple rotamers, the same Gaussian width was assumed for each fitted rotamer. The reported average Χ value represents the average over all residues reported in Table 1 , main text. Table 1 , main text. (red) Only residues for which a single rotamer was selected in Table 1 were used for the rmsd calculation. Table S1 . b Protein concentration. c All isotropic and Pf1 spectra were recorded at 293K; bicelle and PEG spectra were obtained at 308 and 301 K, respectively.
-S18 - C CT-HSQC spectrum.
-S20 - th RDC is a linear combination of the other 5. b Model refers to the number of discrete χ 1 rotamers required to fit the data c P refers to the probability, extracted from F statistics. For cases where model 1 is selected, P refers to the probability that model 1 is more applicable than model 2; for cases where model 2 is selected, P refers to the probability that model 2 is not better than model 1; for cases where model 3 is selected, P refers to the probability that model 3 is not better than model 2. d Fractional population of rotamer (n) e Uncertainty in fractional population of rotamer 1. f χ 1 angle of rotamer (n) g Uncertainty in χ 1 angle of rotamer (n) h Values for this residue may be less accurate as they were derived under the assumption of a static C α -C β bond orientation, whereas the backbone of this residue is known to undergo substantial dynamics. 8, 9 -S29 -i χ 1 angle of (i) 1IGD, (ii) 2IGD, (iii) 2GI9 (wild type GB1), (iv) 2QMT (GB1 with T2Q), (v) 2ZW0 (mutations D36E, N37H, D47P, A48E), (vi) 3FIL_ChainA (T2Q, E15V, T16L, T18I, N37L), (vii) 3FIL_ChainB (viii) 3MP9_ChainA (2 chains, A and B of wild type GB1) and (ix) 3MP9_ChainB. The red color indicates a residue type difference relative to wild type GB3; blue indicates a difference relative to the major rotamer determined by our NMR data.
-S30 - -S37 - a Χ values of VW-Fit results when using the backbone of the newly RDC-refined GB3 structure and the optimized entropy (the positive weight of the entropy term, θ, was adjusted such as to increase the total RDC component of the error function (eq 1) by 2% over not using this term 
